Abstract: Improved methods for detection of Cryptosporidium oocysts in environmental and clinical samples are urgently needed to improve detection of cryptosporidiosis. We compared the sensitivity of 7 PCR primer sets for detection of Cryptosporidium parvum. Each target gene was amplified by PCR or nested PCR with serially diluted DNA extracted from purified C. parvum oocysts. The target genes included Cryptosporidium oocyst wall protein (COWP), small subunit ribosomal RNA (SSU rRNA), and random amplified polymorphic DNA. The detection limit of the PCR method ranged from 10 3 to 10 4 oocysts, and the nested PCR method was able to detect 10 0 to 10 2 oocysts. A second-round amplification of target genes showed that the nested primer set specific for the COWP gene proved to be the most sensitive one compared to the other primer sets tested in this study and would therefore be useful for the detection of C. parvum.
Cryptosporidium parvum (Apicomplexa: Cryptosporididae) is an intracellular parasitic protozoan that has emerged as an important cause of diarrhea among humans and animals [1] . In particular, the infection is more serious in immunocompromised patients and can become chronic and sometimes fatal [2] . Diagnosis is generally based on microscopic detection of oocysts, but this offers no information on the infected species and presents a challenge even to the most highly trained laboratory technician [3] . Therefore, a rapid, specific, and sensitive method is necessary for the detection of C. parvum. Molecular detection techniques, such as PCR-based methods, offer many advantages over microscopic methods. Several target genes have been previously reported to be useful for PCR detection of C. parvum [4] [5] [6] [7] [8] [9] . In the present study, the sensitivity of various PCR target gene primer sets for C. parvum detection was compared.
Oocysts of C. parvum (KKU isolate) were maintained in specific pathogen-free C57BL female mice after immunosuppression by dexamethasone phosphate disodium salt (Sigma, St. Louis, Missouri, USA) provided ad libitum in drinking water at a dosage of 10 mg/ml [10] . Oocyst purification was carried out according to a method described by Petry et al. [11] . Purified oocysts were surface-sterilized by being placed in 10% sodium hypochlorite solution for 10 min and kept for < 2 week at 4℃ in filtered (0.22 μ m) distilled water for the experiment.
For extraction of C. parvum DNA, 10 7 isolated oocysts were resuspended in the ASL lysis buffer included in the QIAquick stool mini kit (QIAGEN Inc, Valencia, California, USA). The samples were incubated at 70℃ for 30 min. The procedure was executed in accordance with the manufacture's recommendations. The extracted DNA was used as a template for PCR. All primer sets specific to the C. parvum target genes used in this study have been described previously by other authors ( Table 1) . The location of primer sequence in each specific C. parvum gene was shown in Fig. 1 . The primer pair, cowpnest-F1 and cowpnest-R2, were designed for nested PCR specific for the COWP gene. PCR was performed with 4 primer sets, including Cry-15, Cry-19 (COWP), BcowpF, BcowpR (COWP-1), rRNAF, rRNAR (SSU rRNA), SB012F, and SB012R (random amplified polymorphic DNA). PCR amplification was performed in a 50 μ l volume containing the template DNA (5 μ l of genomic C. parvum DNA at a concentration equivalent to the number of C. parvum oocysts diluted from 10 5 oocysts), 10 mM Tris-HCl (pH 8.3), 2.5 mM MgCl2, 200 μ M each of dATP, dCTP, dGTP, and dTTP, 25 pmole of each primer, and 2.5 U Taq DNA polymerase (Promega, Madison, Wisconsin, USA), respectively. All amplifications were performed in a Perkin-Elmer DNA thermal cycler (Model: 2400, Wellesley, Massachusetts, USA) with an initial denaturation at 94℃ for 5 min followed by 30 cycles of denaturation for 50 sec at 94℃, and annealing for 30 sec at the des-ignated temperature (Table 1) , extension for 50 sec at 72℃, and with a final extension at 72℃ for 10 min. For nested PCR, 2 μ l of purified initial PCR product was used as a template. The nested PCR cycling conditions were identical to those used for PCR amplification, except that the annealing of the nested primers was performed at each temperature, as mentioned in Table 1 . Amplified DNA fragments were analyzed by electrophoresis in a 1.5% (w/v) agarose gel stained with ethidium bromide (0.5 μ g/ ml) and visualized under a UV light system (Vilber Lourmat, France).
From the PCR amplification, we obtained the following products of the predicted size: 550 bp (COWP gene), 769 bp (COWP gene-1), 1,325 bp (SSU rRNA gene), and 433 bp (random amplified polymorphic DNA) (Fig. 2) . COWP gene-1 was the larger PCR product than the COWP fragment amplified by the primers Cry-15 and Cry-19, and it included these regions. We also acquired the following predicted PCR products by nested PCR amplification: 311 bp (COWP gene), 550 bp (COWP gene-1), and 826 bp (SSU rRNA gene) (Fig. 2) .
The lower detection limit of PCR amplification was 10 oocysts for all tested primer sets. However, a greater level of sensitivity was observed from the nested PCR amplification, in which the detection limit was as low as a single oocyst ( Fig. 2 ; Table 2 ). The most sensitive nested PCR target gene was COWP, and the primers cowpnest-F1 and cowpnest-R2 could detect a single oocyst. The detection limit for the random amplified polymorphic DNA was 10,000 oocysts using the primers, SB012F and SB012R, for PCR amplification (Fig. 2D) . Nested PCR was not performed with this primer set. Although the stool microscopy was useful for identification of infection, this tool is relatively insensitive when small numbers of oocysts are excreted or the period of oocyst shedding is short. Therefore, many infections may escape microscopic detection [12] . The PCR method is becoming more widely used to detect pathogenic microorganisms, although this assay often requires multiple steps to achieve suitable DNA template preparations. So far, many PCR primers using various target genes have been constructed to detect Cryptosporidium, but the sensitivity and specificity were highly variable. The detection limits reported for PCR based methods by different authors have ranged from 1 to 10 oocysts in fecal samples of humans and calves, and in water sample [3] [4] [5] 10 ], 5 to 50 oocysts in diluted bovine feces and in seeded concentrated environmental water samples [13] [14] , and 100 to 1,000 oocysts per gram of human feces or water [15] [16] [17] [18] .
In our study, nested PCR reactions specific for the COWP gene had an apparent advantage in sensitivity over other primers. Particularly, the combination of the primers, cowpnest F1 and cowpnest R2, was highly sensitive and could detect as little as 1 oocyst. Another primer pair for the COWP gene, BcowpF and BcowpR, was designed to produce a larger fragment of this gene to include the region amplified by cowpnest-F1 and cowpnest-R2. The sensitivity of nested PCR using this primer set was 100-fold lower than for the smaller product of the COWP gene, obtained using cowpnest-F1 and cowpnest-R2. In our study, the number of oocysts used to produce the template DNA was calculated indirectly using diluted DNA extracted from purified oocysts. Therefore, the sensitivity limit may be different when this PCR method is applied to environmental or clinical samples. It has been demonstrated that substances present in feces, such as hemoglobin degradation products, bilirubin, and bile acids, may inhibit DNA amplification and lead to false-negative PCR results, as described by Lantz et al. [19] . In addition, inefficient methods for isolating small numbers of the organism and resistance of the organism to disruption and lysis could lower the sensitivity [4] .
In a previous study, Wu et al. [5] demonstrated high sensitivity of the PCR approach, detecting a single C. parvum oocyst using the primers SB012F and SB012R. However, in the present study, the detection sensitivity of this primer set was 1,000-fold lower than in the previous report. The reason for this discrepancy is unclear.
In conclusion, we developed a highly sensitive primer set specific to the COWP gene that can be used for detection of C. parvum. This highly sensitive nested PCR method will be helpful for facilitating the detection of cryptosporidiosis in patients with a low number of oocysts and could be a valuable tool for detection of oocysts in environmental and clinical samples.
